Introduction {#j_jvetres-2019-0042_s_001}
============

The mucosal immune system has direct contact with the external antigenic environment. In mucosal tissue, several cells co-habit with major non-pathogenic bacteria in a symbiotic relationship. The microbiota interacts with its host both locally and systemically, and the immune system develops a collaborative symbiosis with antigens of the healthy microbiota.

The mammary gland is one of the mucosal organs. It is thought that the cellular and soluble immune components associated with mammary tissues can also play an important role in protecting the gland from infectious diseases ([@j_jvetres-2019-0042_ref_022]). The antibacterial factors, such as β-defensins, cathelicidins, lactoferrin, natural killer cells, immunoglobulins, cytokines, and/or many other factors are dramatically upregulated to prevent the infection by pathogens of the mucosal tissue of the mammary gland ([@j_jvetres-2019-0042_ref_014], [@j_jvetres-2019-0042_ref_018]). Pentraxin-3 is an inflammatory marker that activates the classical complement pathway and facilitates pathogen recognition by macrophages, and elastase is known as an anti-bacterial enzyme, increased in mastitic milk ([@j_jvetres-2019-0042_ref_002], [@j_jvetres-2019-0042_ref_025]). Caspase-3 is one of the anti-inflammatory factors inhibiting the release of prosurvival and proinflammatory mediators by cleaving the transcription factor NF-κB; through a mechanism involving this factor a mastitic pathogen induces apoptosis in mammary epithelial cells as previously reported ([@j_jvetres-2019-0042_ref_024]). Raw milk aseptically drawn from healthy glands has antimicrobial activities against mastitis-causing bacteria ([@j_jvetres-2019-0042_ref_005]). Although the immune system has preventive capability against bacterial infection in the mammary gland of dairy cows, mastitis nevertheless occurs when bacteria invade teat canals, often from the milking equipment, milking personnel, manure contamination, or dirty stalls.

A previous report described the lactating cow udder as inhabited by "normal bacterial flora" ([@j_jvetres-2019-0042_ref_016]). However, bacteria were not found in the milk from healthy quarters of a cow sampled using a cannula introduced through the teat canal ([@j_jvetres-2019-0042_ref_015]). Therefore, the mammary glands of a cow have also been considered to be bacteria-free. In humans, the existence of a commensal microbiota of milk and mammary tissue was reported previously ([@j_jvetres-2019-0042_ref_007]). However, the presence of commensal microbiota in the mammary gland of dairy cows without mastitis has not been reported. In particular, the characteristics of immune factors in somatic cells from lactating dairy cows and their association with commensal bacteria in normal milk have not been clarified. The objective of this study was to investigate the association between bacteria and immune factors of somatic cells present in the gland cistern of healthy dairy cows.

Material and Methods {#j_jvetres-2019-0042_s_002}
====================

A total of 44 healthy lactating Holstein dairy cows were used. The cows were all on the same farm. Milk samples in 50 mL volume were collected aseptically before and after the morning milking from the mammary gland cistern of the right front quarter using a cannula after disinfection of the teat end. Immediately after sampling, all milk samples were negative in a California mastitis test. These samples were cultured for bacteria detection and analysed for mRNA of immune factors expressed by somatic cells. The cows were divided into two groups; bacteria were detected after culturing milk from 12 cows, and these cows formed the (positive group), while they were not detected in the other 32 cows, which were the negative group. The parity and days after calving were 2.25 ± 0.25 (mean ± standard error of the mean (± SE)) and 235.08 ± 40.25 in the positive group and 2.28 ± 0.26 and 190.16 ± 18.44 in the negative group, respectively. There were seven pairs of paternal sisters and four pairs of maternal sisters in the examined cows, but no bias by descent from a specific lineage was found.

Milk samples were centrifuged at 400 × g for 10 min at room temperature within 1 to 2 h of collection. The time from collecting milk to isolating mRNA varied in each cow. After centrifuging, sedimented somatic cells were washed twice with PBS by centrifugation at 400 × g for 5 min. For mRNA isolation and cDNA synthesis, a SuperPrep cell lysis and RT kit for qPCR (Toyobo Ltd, Japan) was used. Each sample had 2 × 10~6~ cells mixed with 50 μL of cell lysis mixture (including gDNA remover) to react for 5 min before the stop solution was added. Then 8 μL of each mRNA solution extracted from 32 μL of reaction mixture was added. PCR was used to synthesise cDNA, and a real-time PCR was performed using THUNDERBIRD SYBR qPCR Mix (Toyobo) on an ABI prism 7300 Sequence Detector (Applied Biosystems, USA). The following genes were selected: β-actin, interleukin-6 (IL-6), lysosome, lactotransferrin, defensin-β3, cathelicidin, pentraxin-3, caspase-3, and elastase. Primers were designed using the freely available web-based Primer3 programme ([@j_jvetres-2019-0042_ref_021]) and are listed in [Table 1](#j_jvetres-2019-0042_tab_001){ref-type="table"}. The cycle threshold (Ct) values define the PCR cycle threshold at which amplified products were detected. The final quantification of immune-related mRNA molecules was carried out using the Ct method as reported previously ([@j_jvetres-2019-0042_ref_011]). The calibrator samples used were those with the lowest amount of mRNA for each gene of all the samples used for the respective mRNA.

###### 

Primers used for real-time PCR

  ---------------------------------------------------------------------------------------
  Gene               Accession\       Product\   Primer\       Sequence (5\'-3\')
                     number           length     designation   
  ------------------ ---------------- ---------- ------------- --------------------------
  β-actin            NM_173979.3      76         Forward       CCCAGATCATGTTCGAGACC

                                                 Reverse       GAGGCATACAGGGACAGCAC

  interleukin-6      NM_173923.2      102        Forward       AGATCCTGAAGCAAAAGATCGC

                                                 Reverse       TTGCGTTCTTTACCCACTCGT

  lysozyme           NM_001078159.1   104        Forward       TTCGGTCGCTGTCCAAGGCAAGGT

                                                 Reverse       TCCAGTTTGCCAGGCTGATTCCCC

                                                 Forward       CACCGAGCACTGGATAAAGGG

  lactotransferrin   NM_180998.2      136        Reverse       AGCCAGACACAGTCCAAGGG

                                                 Forward       GCATACAAGTGACTGCCCCTG

  defensin-β3        NM_001282581.1   70         Reverse       ACTGAACCTCTTCCCTGTGTG

  cathelicidin       Y09472.1         70         Forward       GAAAGACTCTCCTACCCTGCCC

                                                 Reverse       CTCTAAGGGACACACAGCCAGG

  pentraxin-3        NM_001076259.2   80         Forward       GCAGAGTCCTGTCACATCCG

                                                 Reverse       ACATACTGTGCTCCTCCGTG

  caspase-3          NM_001077840.1   148        Forward       CAGGAGTGGAGTCCAGCAGA

                                                 Reverse       TCCAGAGTCCATTGATTTGCTTC

  elastase           NM_001105653.1   119        Forward       TTGCCTCTGTCGCCAAGTTT

                                                 Reverse       ACAGCCTTTCTAGTGGGTCC
  ---------------------------------------------------------------------------------------

To evaluate bacteria, milk samples were plated onto trypticase soy agar plates supplemented with 5% of sheep blood. The plates were incubated aerobically in 5% CO~2~ for 24 h or anaerobically in the Anaeropack system (Mitsubishi Gas Chemical, Japan) for 48 h.

Statistical analysis for each parameter was performed using the Mann--Whitney U test in order to determine the difference between two groups, and using the Wilcoxon signed-rank test in order to determine the difference between the variables before and after milking in each group. The differences were considered significant at P \< 0.05. Data were expressed as mean ± standard error. Correlations among genes were analysed using Spearman's rank correlation test and significance was determined at P \< 0.01 or P \< 0.05.

Results {#j_jvetres-2019-0042_s_003}
=======

The numbers of bacteria in aerobic and anaerobic cultures in CFU/ml were 89.17 ± 25.0 and 82.25 ± 31.28 before milking, and 34.08 ± 16.51 and 45.08 ± 0.68 after milking, respectively, in the positive group. Strains of detected bacteria and their positive sample numbers are shown in [Table 2](#j_jvetres-2019-0042_tab_002){ref-type="table"}. For samples obtained before milking, five out of ten samples in aerobic culture and three out of ten samples in anaerobic culture contained two strains or more. For samples obtained after milking, two out of ten samples in aerobic and anaerobic cultures contained two strains or more.

###### 

Major bacteria detected before and after milking in the positive group (n = 12)

                                  aerobic culture   anaerobic culture       
  ------------------------------- ----------------- ------------------- --- ---
  *Aerococcus viridans*           3                 1                   2   1
  *Staphylococcus chromogenes*    1                 1                   1   1
  *Staphylococcus haemolyticus*   3                 2                   2   1
  *Staphylococcus xylosus*        3                 3                   4   4
  *Streptococcus dysgalactiae*    0                 1                   1   1

Numbers indicate the number of cows

[Table 3](#j_jvetres-2019-0042_tab_003){ref-type="table"} shows the mRNA of immune factors expressed by somatic cells relative to the β-actin housekeeping gene. In this study, mRNA levels of IL-6, lactotransferrin, and cathelicidin in the somatic cells after milking decreased significantly compared to those before milking in two groups, and a significantly lower mRNA level of caspase-3 after milking was found compared to that before milking in the negative group (P \< 0.05). The mRNA level of IL-6 in the positive group was significantly lower both before and after milking compared to that in the negative group (P \< 0.05). There was a significantly lower mRNA level of cathelicidin in the positive group compared to that in the negative group before milking (P \< 0.05). The mRNA level of IL-6 was positively correlated with the cathelicidin mRNA levels before milking (R = 0.712, P \< 0.01) and after milking (R = 0.522, P \< 0.05) in the somatic cells. However, no correlation was found with an index over 0.5 in the other factors. There was no relationship between the mRNA levels of immune factors and parity or days after calving.

###### 

Relative mRNA level of immune factors expressed by milk cells compared to β-actin expression

                              Positive group    Negative group    
  ------------------ -------- ----------------- ----------------- ----
  interleukin-6      before   11.80 ± 1.17^a^   16.33 ± 0.68^a^   \*
                     after    7.97 ± 1.12^b^    11.98 ± 0.71^b^   \*
  lysozyme           before   5.27 ± 0.34       5.39 ± 0.18       
                     after    5.13 ± 0.25       5.31 ± 0.25       
  lactotransferrin   before   9.28 ± 1.74^a^    11.32 ± 0.75^a^   
                     after    7.60 ± 0.97^b^    8.42 ± 0.61^b^    
  defensin-β3        before   3.86 ± 0.27       2.99 ± 0.21       
                     after    3.60 ± 0.37       3.78 ± 0.18       
  cathelicidin       before   6.27 ± 0.56^a^    8.24 ± 0.42^a^    \*
                     after    4.61 ± 0.74^b^    5.86 ± 0.39^b^    
  pentraxin-3        before   4.31 ± 0.24       4.97 ± 0.22       
                     after    3.84 ± 0.35       4.20 ± 0.20       
  caspase-3          before   13.84 ± 1.23      15.22 ± 0.30^a^   
                     after    12.86 ± 0.92      13.49 ± 0.66^b^   
  elastase           before   10.07 ± 0.96      11.19 ± 0.33      
                     after    10.043 ± 0.45     10.71 ± 0.25      

Results are expressed as the mean ± SE. Different letters indicate significance at P \< 0.05 within the same group, and an asterisk indicates the significant difference at P \< 0.05 between the two groups

Discussion {#j_jvetres-2019-0042_s_004}
==========

Although microbiota of the udder could not be determined in this study, bacteria were detected in the gland cisterns of some cows before and after milking. It is suggested that bacterial flora is not always found inside of the mammary gland of all cows. The isolated bacteria are known as causative pathogens of the subclinical mastitis, but the pathogenicity of them is low ([@j_jvetres-2019-0042_ref_009], [@j_jvetres-2019-0042_ref_013], [@j_jvetres-2019-0042_ref_019]). Once very few bacteria have gained access to the teat cistern of uninflamed glands, bacterial multiplication takes place and infection ensues ([@j_jvetres-2019-0042_ref_012]). When the defence system of the mammary gland is compromised, it is common for the infecting bacteria to reach concentrations above 10^6^ to 10^8^ cfu/mL in milk ([@j_jvetres-2019-0042_ref_015], [@j_jvetres-2019-0042_ref_016]). Since human milk from healthy women contains 10^3^ to 10^4^ cfu/mL of diverse bacteria ([@j_jvetres-2019-0042_ref_007]), the presence of a few bacteria may be a normal condition in the mammary gland of lactating dairy cows.

Human breast milk contains numerous inflammatory factors, such as C-reactive protein, IL-6, and TNF-α ([@j_jvetres-2019-0042_ref_004]). In cows during mid and late lactation, cytokine mRNA profiles in the mammary gland cells showed significant elevation of IL-12 transcriptional activity, but a significant change of IL-6 was not found ([@j_jvetres-2019-0042_ref_003]). We found a significant correlation between IL-6 and cathelicidin in the somatic cells. Since human cathelicidin elicits modest up-regulation of IL-6 gene expression in peripheral blood mononuclear cells ([@j_jvetres-2019-0042_ref_026]), increased IL-6 may be affected by the cathelicidin of the somatic cells in cows. This peptide along with β-defensin and lactotransferrin are antimicrobial factors of innate immunity, and these factors are the arsenal of the leukocytes for defence against bacterial infection in the mammary gland ([@j_jvetres-2019-0042_ref_006]). The positive group showed significantly lower mRNA levels of IL-6 and cathelicidin in the somatic cells before milking compared to those in the negative group before milking. It is possible that the more these immune factors are present, the less likely the bacterial growth in the mammary gland of the lactating dairy cows is. Lactoferrin was reported effective in increasing the cure rate through the induction of innate immunity in cows ([@j_jvetres-2019-0042_ref_008]). Since the mRNA levels of IL-6, cathelicidin, and lactotransferrin in the somatic cells were significantly higher in both groups before milking than those after milking, the defensive effect of these immune factors is suggested to be higher before milking than after milking in the mammary gland. On the other hand, caspase is known as a family of cysteine aspartyl proteases inducing cell apoptosis ([@j_jvetres-2019-0042_ref_020]). Ward *et al*. ([@j_jvetres-2019-0042_ref_023]) indicated that inhibition of NF-κB in granulocytes accelerates apoptosis in a caspase-3-dependent manner in anti-inflammatory reactions. Although a significantly increased mRNA level of caspase-3 of the somatic cells was detected before milking compared to that after milking in the negative group, this difference was not found in the positive group. It is possible that the consistency in expression of caspase-3 mRNA between the samples taken before and after milking is due to the presence of live bacteria in the udder, but further study is needed to clarify the mechanism of this caspase-3 mRNA expression downregulation.

Research in humans lead to the contention that bacteria from the gut microbiota would reach the mammary gland by an endogenous route ([@j_jvetres-2019-0042_ref_010]). The most common species identified from body samples were *S. chromogenes*, *S. xylosus*, and *S. haemolyticus* ([@j_jvetres-2019-0042_ref_001]). It is suggested that one likely origin of microbiota in the raw milk may be the teat skin bacteria that contaminate it during milking. IL-6 and cathelicidin are known as inflammatory immune factors, and these factors increased in cows with mastitis ([@j_jvetres-2019-0042_ref_006], [@j_jvetres-2019-0042_ref_017]). Production of appropriate levels of these immune factors may inhibit the growth of bacteria invading the mammary gland in lactating dairy cows, because we found significant differences in mRNA levels of IL-6 and cathelicidin between two groups. But we have not confirmed whether the same results would be observed in all quarters, and it is also unclear why IL-6 and cathelicidin mRNA expression in somatic cells decreased in the negative group. Further study is needed to clarify this.

In conclusion, findings from the present study indicated that mRNA levels of IL-6 and cathelicidin mRNA expression in the somatic cells before milking may be affected by presence of bacteria in the mammary gland of lactating healthy dairy cows.
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